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METHOD-iti^^)-™JEeOM^^IMeATIQNS-SYSTEM-FOR-^ON3»CT^ 
PAGING FLOW IN A NETWORK FOR CELLULAR COMMUNICATIONS 

Field of the invention 

The present invention relates to a method and teleconununications system for 

controlling paging flow in a network for ceUular communications. 

Background of the invention / 

In a network for cellular communications^ the geographical area of coverage for 
mobile conununicadons is subdivided into smaller areas, either logical areas or physical 
areas. In peirticular, a geographical area comprises cells and location areas. 

A cell is an area in which a user can conmumicate with a certain base station. A 
location area is an aiea comprising a plurality of cells and it is associated with a Visitor 
Location Register (VLR), which stores data about all customers who are roaming within 
the corresponding location area. 

Figure 1 shows an example of arrangement of such areas, in which three 
location areas 11a, lib and 11c are associated to respective Mobile Services Switching 
Centers (MSCs) 14a, 14b and 14c and in which each location area comprises a pliirality 
of cells 12. In the figure, the areas fit complementarity with each other for the sake of 
simplicity, but it is clear that other arrangements known to the skilled in the art may be 
provided. 

If an incoming transaction directed to a certain Mobile Station (MS) is received 
in the network (e.g. a call by another party), m order to locate the mobile station a paging 
request is sent to all the base stations in the location area in which the '^gef mobile 
station is registered. When the mobile station discovers that it is being paged, a channel 



rthe'radio-interface-is--aefivatedr^©-mQy^ indicating 
that it has been paged and that the network can locate it. 

In a location area, a great number of mobile stations is present, and the number 
of paging requests/responses tcansmitted in that location area increases with the number 
of mobile stations within the location area. 

The incieasmg pioUferation of mobile stations, due to the great cc^nvenience of 
mobile communications and the growth of additional services provided by the operators, 
may cause congestion m the network. In fact, the number of the available radio resources 
is limited and the network congestion is a drawback the operator should avoid in order 
not to offer services vrfiich cannot be duly handled by the network. 

Moreover, requests concerning services of prime importance such as 
positionmg request in case of emergency or law enforcement may not be served in case 
of congestion, this bemg an unacceptable drawback that greatly reduces the advantages 

of Location Services. 

The same problem affects Location Services transactions deriving from a 
request for last known location of the target mobile station. Such information is usually 
stored at the Mobile Services Switching Center and accordingly it is straightforward for 
the Mobile Services Switching Center to handle such request Again, a congestion make 
such a shnple request unduly complicated to handle. 

These drawbacks are not only unacceptable per se for a modem mobile 
network, but they also imply important loss of profit and disadvantages both for the 
operator, since the subscribers are not encouraged in taking advantage of their services, 
and for the subscribers, vAo deny themselves of useful services in which they may enroll 
if such services appeared to be more efBcient. 
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known and it used for Call Control (CC) transactions only. In fact, for CC transactions, 
before the paging is ordered, a Roaming Number is allocated through which the call is 
routed from the Gateway Mobile Services Switching Center receiving the incoming call 
5 to the MSCAHLR associated with the location area of the target mobile station. Tlie 
known mechanism consists in defining (at the operator side) how many roaming number 

r 

allocations will be permitted for a specific location area at the same time. 

However no such mechanism is known for allowing the operator to control the 
paging flow of other transactions, such as Supplementary Services (SS), Short Message 
10 Services (SMS) and LoCation Services (LCS) transactions. 

In fact, when a SS, SMS or LCS transaction is received at the MSCA^LR, a 
paging is ordered and the only way to control the amount of requested paging may be on 
network level, by controlling the file size of the software that controls the paging 
mechanism. This handling is however inefScient, because it does not take into accoimt 
15 the configuration of the network, in which different location areas have different radio- 
resoiirce capacities. 

In addition, this mechanism caxmot protect the radio network firom congestion 
when bursts of paging requests are destined to the same location area, for example when 
an important athletics event or football match takes place in a stadium. 
20 Summary off the invention 

Aim of the present invention is to overcome the above mentioned drawbacks, 
particularly by providing a method and a teleconummications system which controls the 
paging flow at a service node in a more robust way. 

Within the scope of this aim, a particular object of the invention is to meet the 
25 requirements for either the mobile subscriber, the service provider and the operator 
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Anotliier-object-4s-to-prioritize-^ — 

respect to the resource allocation of the system. 

This aim, these objects and other which will become apparent from the 
following description are achieved by a method of controlling pa^g flow in a network 

5 for cellular communications characterized in that it comprises the steps of: at a control 
node, receiving a request for paging a mobile station; determining a location area in 
vAnch the paging shall be performed; checking ^s^ether the number of paging 
transactions which are ongoing for the location area is lower than at least one maximimi 

■ 

number of ongoing paging transactions allowed for the location area; after a 
10 determination that the ntunber of ongoing paging transactions is lower than the 

maximum number, updating the number of ongoing paging transactions for the location 

area and processing the paging request 

According to a particular aspect of the present invention, a checking is 

performed so as to determine whether flie incoming request is related to a Location 
15 Service. According to another aspect of the present invention, which can be alternative 

or parallel to the former one, checking is performed so as to determine whether the 

incoming request is of a particular kind, for example a kind which is profitable either for 

the operator- or the subscribers within a location area, and which can be prioritized 

accordingly. 

20 The aim and the objects of the present invention are also achieved by a 

telecommimications system for controlling a paging flow in a network for cellular 
communications comprising at least one control node associated with a location area 
serving a mobile station to be paged, the control node comprising means for receiving 
paging requests, characterized in that the system comprises: memory means for storing at 

25 least one mavimnm number of ongoing paging transactions allowed for the location area 
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checking whether the number of ongoing paging transactions is lower than the at least 
one mf^ximiitn number; paging means for paging the mobile station in response to an 

outcome of the comparing means. 
5 Advantageously, the telecommunications system comprises Location Services 

Request detemiining means for determining whether a paging request received by the 

m 

control node derives from a Location Services request, which means are preferably set so 
as to check wheth^ the Location Services request is a request for last known location of 
the mobile station. 

10 Alternatively or additionally, the Location Services Request detemiining means 

are set so as to check whether the Location Services request comes from an Emergency 
Center or a Law Enforcement Agency. 

Preferably, the control node comprises buffer means for temporarily storing said 
paging request if the Location request is a request coming from an Emergency Center or 

15 from a Law Enforcement Agency, the paging means being set so as to serve the paging 

request with priority. 

According to an embodiment of the invention, only one maximum number is 
defined which is representative of the overall number of ongoing paging transactions for 
the particular location area, regardless of the kind of transaction. 
20 According to another embodiment of the present invention, more than one 

maximum numb» is defined for the same location area. In particular, a respective 
maximum number of permitted ongoing paging transactions is defined for each kind of 
transaction. 

According to yet another embodiment of the present invention, two maximimi 
25 numbers are defined at the control node, namely a first maximum number representative 



of4heTnaximunrnuinber-of-^lowe 

second triavimum number indicative of the maxinmni number of allowed ongoing LCS 
transactions. 

Brief description of the drawings 

Furdier chaiacteristics and advantages of the invention will become better 
apparent from the following desoiption of preferred but not exclusive embodiments of 

the method and the telecommunications system for controlling paging flow, illustrated 

• /• 

by way of non-limitative embodiments in the accompanying drawings, jA^erein: 
Figure 1 is a block diagram of a conventional cellular network; 
Figure 2 is a block diagram of the layered structure of GSM/UNfTS; 
Figure 3 is a flow diagram illustrating steps of a pagmg flow control method 

according to the invention; 

Figure 4 is a flow diagram connected to the diagram of figure 3 illustrating a 

particular paging process according to the invention; 

Figure S is a flow diagram connected to the diagram of figure 3 illustrating the 
management of LCS transactions according to a preferred embodiment of the invention. 
Detailed description of the preferred embodiments 

As anticipated above, with reference to Figure 1, a typical GSM network 10 
comprises a plurality of cells 12, which are associated with at least one Base Station 13, 
schematically represented by a tower antenna, and which are grouped so as to form 
location areas 11a, lib and 11c associated with a geographical zone. Such location areas 
are served by a respective Visitor Location Register (VLR), for instance VLR 15, which 
is preferably comprised or connected to at least one control node, in particular at least 
one Mobile Services Switching Center (MSG) 14a, 14b and 14c (MSCAH^R). 
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TheH3asic-ftmction~ofHMSGA^R4s-40"Switch-speec^ 

between Base Station ControUers (BSCs), other MSCs, other networks and external non- 
mobile networks. The MSG also handles a number of functions associated with mobile 
subscribers, among others registration, location updating and handover between a user 
S equipment and the Public Land Mobile Network (PLMN). 

The VLR stores data about all customers "who are roaming within the location 
area of the corresponding MSG. This data is updated througli a location update 
procedure initiated £rom the mobile station via the MSG, or directly fix>m the 
subscriber's Home Location Register (HLR) or Home Subscriber Server (HSS). 
10 The HLR/HSS is the home register of the subscriber, which particularly stores 

information about the subscription, the services viiich are allowed to the subscriber and 
the subscriber's location. When the subscriber roams into the location area of an MSG 
different from the home MSG, the HLR/HSS is updated accordingly. 

It is clear to the skilled in the art that the control node of the network can be a 
15 SGSN support node, should the network be a GPRS network. 

It is known that tiie GSMAJMTS system can be illustrated as comprising a 
number of functional layers hierarchically arranged, as shown in Figure 2. Such layers 
can be defined for both the MSG (layers 200) and the mobile station (layers 205). 

A first layer (20, 24) comprises the physical layer, which represents the physical 
20 means for interfacing the various devices of the network, and the data-link layer, which 
provides data link services and functionality. 

A second layer is the so-called Radio Interface layer, and it comprises three sub- 
layers: a Radio Resource (RR) management sub-layer (21, 25), a Mobility Management 
(MM) sub-layer (22, 26) and a Gonnection Management (GM) sub-layer (23, 27). 



« 
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handles together with CM sub-layer 23 various transaction types, in particular Call 
Control transactions (CC layer 23a, 27a), Supplementary Services transactions (SS layer 
23b, 27b), Short Message Service transactions (SMS layer 23c, 27c) and LoCation 

S Services transactions (LCS layer 23d, 27d). 

For each location area, a plurality of such call-related or services-related 
transactions may arrive at the MSC/VLR. According to the invention, at least one 
maximum number of allowed paging transactions is defined for each location area. 

According to an embodiment of the invention, only one maximum number is 

10 defined which is representative of the overall number of ongoing paging transactions for 
the particular location area, regardless of the kind of transaction, i.e. regardless of 
whether the incoming paging request regards CC, SS, SMS or LCS transactions. 

Such maviiniim number is stored in memory means which, in a preferred 
embodiment, are provided within the VLR of the location area. Alternatively, the 

15 memory means are an integral part of the MSC of the same location area or they are 
located in odier entities which can be accessed by the MSCA/UL 

According to another embodiment of the present invention, more than one 
mavimxim number is defined for the same location area. In particular, a respective 
iriavimiim number of permitted ongoing paging transactions is defined for each kind of 

20 transaction. 

According to another embodiment of the present invention, two maximum 
numbers are defined at the MSCAH^R, namely a first maximum number representative 
of the tnavimiim nimiber of allowed ongoing CC, SS, SMS paging transactions, and a 
second maximum number indicative of the maximum number of allowed ongoing LCS 
25 transactions. 
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kind of transactions for which a maximum number can be defined. Such groupings can 
be defined in order to meet the operator requirements, for example in order to allocate 
more resources to the type of traffic which is preferred by an operator. 
S According to the amount of maximum numbers defined for a location area, one 

or more counters are preferably provided for registering and updating the current number 
of ongoing transactions. Such coimters are preferably located at the MSG,. but they may 
be located at other entities accessible by liie MSG in the location area. 

With reference to Figure 3, a flow chart is depicted illustrating the method 
10 according to an embodiment of the invention in ^^iiich a maximum number indicative of 
the overall number of allowed parallel transactions is defined at the MSC/VLR. 

At step 300 the procedure is initiated by a transaction sent by any of the users of 
the Mobility Management sub-layer, which orders paging for reaching a target mobile 
station (MS). 

15 At step 305 the request is received at the MSGATLR, in the form of a MAP 

operation which, for example, may be one of the following: 

MAPJUNSTRUCTURED_SS_REQUEST, MAPJJNSTRUCTURED_SSJSfOTIFY, 
MAP_MTJFORWARD_SHORT_.NfESSAGE, MAP_PROVIDEJSUBSCRraER_LOCATION, 
MAPJ>ROVIDE_ROAI^G_NUMBER. 
20 At step 310 paging is triggered by the received MAP operation. If the MAP 

operation is a MAP_PROVlD£_ROAMING_NUMB£R operation, then it might not trigger 
inunediately a paging request. However, the paging request is sent as soon as the Initial 
Address Message (lAM) is received from the Gateway Mobile Services Switching 
Genter (GMSG). 
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fetched from the VLR 15. 

At step 320 it is checked whether the number of paging transactions which are 
ongoing for the location area determined at step 315 is lower than at least one maximum 
number of ongoing paging transactions allowed for the LA. The number of ongoing 
paging transactions is preferably kept by a counter at the MSG as indicated herein above. 

If die Tn^ximum number of allowed paging transactions has not been reached at 

* « 

Step 320, the paging request is substantially accepted by the MSG and the procedure 
jumps to step 325, as illustrated in Figure 4. 

In particular, at step 405 tfie counter of ongoing transactions is incremented so 
as to take into account the newly accepted paging request Then, at step 410, the mobile 
station is paged, i.e. the paging request is sent to the Base Station Gontroller and then the 
paging response message is received from the mobile station. 

After receiving the paging response message, the counter is decremented at step 

415. 

Then, at step 420, it is checked whether previous LGS requests are still pending, 
by controlling the status of buffer means which will be described hereinafter. If so, the 
procedure jumps to step 430 and one pending LGS request is served, starting from step 
530 as it will be described with reference to figure S. 

Otherwise, if no previous LGS request is pending or if the buffer means are 
empty, the system returns in a waiting mode at step 340, i.e. it is available to receive new 
MAP operations. 

If the maximum niunber of allowed paging transactions has been reached or 
exceeded at step 320, then a frirther check is performed at step 330 in order to check 
whether &e MAP operation comes from the LGS layer. 
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indicating resource limitation, and the procedure ends at step 340. 

Otherwise, if it is determined that the MAP operation does come from the LCS 
layer at step 330, the procedure jumps to step 345, as illustrated in Figure 5. 

5 At step 505, it is checlced whether the incoming LCS operation indicates that a 

Tast Known Location' woxild be acceptable for the requesting entity. If so, at step 510 
the Last Known Location infomiation is retrieved from the VLR and then retumed with 
the MAP_PROVIDE_SUBSCRIBER_LOCATION_ACK message. At Step 340 the procedure is 
ended. 

10 If, at step 505, it is determined that no "Last Known Location' is indicated in the 

LCS operation, ^en at step 515 it is checked whether the LCS operation is coming from 
an emergency center or a law enforcement agency or from entities of equivalent 

m 

importance. In an alt^:xiative embodiment, not shown in the figures, such step is 
performed directly after step 330 and before the step of determining whether Xast 
IS Known Location' is indicated in the LCS operation. The outcome of these checking 
steps will be substantially the same as those of Figure 5. 

Returning to the exemplary embodiment illustrated in Figure 5, if it is 
determined that the LCS operation is not coming from an emergency centa or a law 
enforcement agency, the MAP operation is rejected at step 520 with a 'Resource 
20 Limitation' error code and the procedure ends at step 340. 

Otherwise, at step 525 the request is put in a buffer which is preferably within 
the MSC. This buffer accordingly stores such particular kind of LCS requests, and it is 
preferably used for performing tiie above mentioned checking at step 420. 

At step 530 it is checked whether at least one paging request has been finalized, 
25 for example by checking whether the counter has been deoremented with respect to the 
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described step 430. 

The checking at step 530 is repeated until it is verified that the number of 
ongoing paging transactions has become lower than the maximum number of allowed 
5 ongoing transactions. As soon as this condition is met, the request is picked up from the 
buffer at step 535 and the LCS operation is served with prioriiy, before any oflier current 

« 

incoming transaction, by jimiping to the above-described step 325.It is clear to the 
skilled in the art that the above described exemplary embodiment may be easily modified 
without departing fix>m the scope of the invention. In particular, if several maxim u m 

10 numbers are defined by the operator in order to difTerentiate and manage different kinds 
of transactions, the procedure described with reference to Figures 3 and 4 is performed 
for each kind of transaction, while the procedure described with reference to Figure 5 is 
preferably performed for LCS transactions only. 

The skilled in the art easily understands that the above described steps may be 

IS performed by any computer hardware and/or software and telecommunications means 
programmed through conventional techniques in order to take into account the additional 
information data needed by the present invention. A combination of processor, memory 
and conunimication means is required in order to receive and process the requests, 
together with checking and determining means, preferably implemented through 

20 software, for determining the availability of resources and/or the kind of requests 
according to the invention. 

The invention is therefore preferably implemented by introducing new 
functionality in existing systems, through conventional techniques which are clearly in 
the reach of the average technician and, therefore, are not hereby discussed in detail. 
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It-has thus beenrshown-lhat-the-present-mventioi^ 

objects. In particidar, it is seen that both mobile subscribers and the service provider may 
benefit of unportant services, like positioning due to emergency requests, which are 
always processed and prioritized. From the operator's point of view, it is seen that the 

5 operator can avoid congestion and flexibly allocate resources so as to adapt to the 
evolution of the radio network. Moreover, management of paging transactions can be 
customized, for example, in order to prioritize operations with higher costs on the 
resource allocation of the system, this resulting more profitable. 

Clearly, several modifications will be apparent to and can be readily made by 

10 the skilled in the art without departing firom the scope of the present invention. 
Therefore, the scope of the claims shall not be limited by the illustrations or the preferred 
embodiments given in the description in the form of examples, but rather the claims shall . 
encompass all of the features of patentable novelty that reside in the present invention, 
including all the features that would be treated as equivalents by the skilled in the art. 

15 Where technical features mentioned in any claim are followed by reference 

signs, those reference signs have been included for the sole purpose of increasing the 
intelligibility of the claims and, accordingly, such reference signs do not have any 
luniting effect on the interpretation of each element identified by way of example by 
such reference signs. 

20 
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CLAIMS 



1. A method of controlling paging flow in a network for cellular communications, 
characterized in that it comprises the steps of 

(a) at a control node (14c), receiving (305, 310, 315) a request for paging a 
S mobile station; 

(b) determining a location area (lie) in which said paging shall be 
perfonned; 

(c) checking (320) whether the number of paging transactions which are 
ongoing for the location area (1 Ic) is lower than at least one maximum 

« • 

10 number of ongoing paging transactions allowed for the location area 

(lie); 

(d) after a determination that said number of ongoing paging transactions is 
lower than said maximum number^ updating (323) the number of ongoing 
paging transactions for said location area and processing said paging 

IS request. 



2. The method of claim 1 , characterized in that it further comprises the step of: 

(e) after a determination that said number of ongoing paging transactions is 
higher than or equal to said maximum number, checking (330) whether 
20 said paging request derives from a Location Services request. 



3 . The method of claim 2, characterized in that it further comprises the step of: 

(f) checking (SOS) whether said Location Services request is a request for last 
known location of the mobile station. 



25 
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the step of: 

(g) checking (515) whether said Location Service request comes from an 
Emergency Center or a Law Enforcement Agracy . 

5. The method of claim 3, characterized in that it comprises the step (510) of 
letrieving infoimation on said last known location fiom a Visitor Locationi(egister (1 5). 



r 

6. The method of claim 4, chaiacterized in that it comprises the itep (525) of, after a 
10 detemiination that said Location Services request comes from^an Emergency Center or a 
Law Enforcement Agency, serving (535, 325) the paging request wiA priority. 



7. The method according to any one of the preceding claims, characterized m that 

I 

said updating step (325) comprises the step (405) of incrementing 'at least one counter 
15 indicative of said number of ongoing transactions which is comprised in said control 
node (14c) when a paging request is accepted for processing by the control node (14c), 
and the step (415) of decrementmg said counter when a paging response has been 
returned by said mobile station. 



20 8. The method of claim 1 , characterized in tiiat said transactions are of at least one 
kind selected from the group comprising Call Control transactions. Supplementary 
Services transactions. Short Message Service transactions and Location Services 
transactions. 
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maximum number which is allowed for said location area is defined for transactions of 
each of the kind comprising Call Control transactions, Stq^plementaiy Services 
transactions. Short Message Service transactions and Location Services transactions, 
respectively, said checking step (c) being performed for each kind of transaction. 

/' 

10. The method of any one of the claims 1 to 9 wherein the control nbde is a Mobile 
services Switching Centre or a serving General Packet Radio Services support node. 

11. A telecommunications system for controlling a paging ^flow in a network for 
cellular communications comprising at least one control/ node (14c) associated with a 
location area (11c) serving a mobile station to be p^ed, the control node (14c) 
conqnising means for receiving paging requests, characterized in that the system 
comprises: 

memory means (14c, 15) for storing at least one maximum numb^ of ongoing 
paging transactions allowed for said location area (11c) and for storing the number of 
ongoing paging transactions; 

comparing means for checking vdiether said number of ongoing paging 
transactions is lower tiian said at least one maximum number; 

paging means for paging said mobile station in response to an outcome of said 
comparing means. 

12. The telecommunications system of claim 11, characterized in that it comprises 
Location Services Request determining means for determining whether a paging request 
received by said control node (14c) derives firom a Location Services request. 



i 



-17- 



13. The telecommunications system of claim 11, characterized in that said Location 
Services Request determining means are set so as to check whether said Location 
Services request is a request for last known location of tiie mobile station. 

5 

14. The teleconomunications syst^n of any one of claims 11 to 13, characterized in 
that said Location Services Request determining means are set so as to. check vsdiether 

r 

I 

said Location Services request comes from an Emergency Center ^r a Law Enforcement 
Agency. 

10 f 

15. The telecommunications system of any one of claiims 11 to 14, characterized in 
that said control nodes (14c) conqnrises buffer means for temporarily storing said paging 
request if said Location request is a request coming from an Emergency Center or from a 
Law Enforcement Agency, said paging means being set so as to serve said paging 

15 request with priority. 

16. The telecommurucations system of claim 11, characterized in that said control 
node (14c) comprises at least one counter indicative of said mmiber of ongoing 
transactions, said counter being incremented when a paging request is accepted for 

20 processing by the control node (14c) and being decremented when a paging response has 
been returned by said mobile station. 

17* The telecommunications system of claim 11, characterized in that said memory 
means comprise stored therein respective maximimi numbers indicative of the maximum 
25 number of allowed ongoing paging Call Control transactions. Supplementary Services 




^transactionsr-ShorHMessage-^erviee-t^^ 

respectively, said comparing means being set so as said checking is performed for each 
of said Call Control transactions, Supplementaiy Services transactions. Short Message 
Service transactions and Location Service transactions, respectively. 

5 

18. The telecommunications system of claim 11, characterized in that said memory 
means are comprised in any one of said Mobile Services Switching 'Center, a Visitor 
Location Register connected to said Mobile Services Switching Center, a Base Station 
Controller connected to said Mobile Services Switching Cmter and serving said location 

10 area. 

19. The telecommunications system of any one of claims 11 to 18, characterized in 
that said comparing means are comprised in said control node. 

15 20. The telecommunications system of any one of claims 11 to 19, clmracterized in 
that said paging means comprise said Mobile Services Switching Center (14c) and a 
Base Station Controller serving said location area. 

21. The telecommunications system according to any one of the preceding claims, 
20 characterized in that said number of ongoing paging transactions is the overall number of 

ongoing transactions, regardless of the kind of transaction. 

22. The teleconununications system of any one of the claims 11 to 21 vsdieiein the 
control node is a mobile services switching centre or a serving general packet radio 

25 services support node. 
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PAGING FLOW IN A NETWORK FOR CELLULAR COMMUNICATIONS 

Abstract of the disclosure 
A method of controlling paging flow in a network for cellular communications is 
described^ which comprises the steps of: at a control node, receiving a request for paging 
a mobile station; determining a location area in which the paging shaU be performed; 
checking whether the number of paging transactions which are ongoing for the location 
area is lower than at least one maximum number of ongoing paging transactions allowed 
for the location area; after a detennination that the niunber of ongoing paging 
transactions is lower than the maximum niunber, updating the number of ongoing paging 
transactions for die location area and processing the paging request. Preferably, if the 
number of ongoing paging transactions is not lower than the maximvim number, it is 
checked whether the paging request is a particular LCS transaction and, if so, the request 
is placed in a buffer and served with priority as soon as the number of ongoing paging 
transactions returns to be lower than the maximum number. 
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